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Abstract 
This work deals with the development of a novel MOEMS-based platform for miniaturised 1D or 2D light barrier systems. As 
outlined below, such a device could be used to project a classical linear light barrier, but could equally be used to produce curved 
perimeters and/or even full-volume light barriers. Target applications of this technology are security and surveillance, e.g. for 
access, tampering or theft control, or vehicle interior presence detection. 
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1. Introduction 
Optics and electronics are two main driving forces for future technological advances. In this work we present a 
light barrier system based on Micro-opto-electro-mechanical systems (MOEMS), which can be used to detect 
intrusion of persons or objects in a well defined region. MOEMS technology provides the potential for substantial 
miniaturization and mass production. Contrary to many traditional light barrier systems, our approach integrates 
emitter and receiver in a single unit and uses the backscattered light from a scanned region of interest. In this way it 
does not rely on any additional reflective components, and provides a full light curtain system in an easy to use 
compact sensing device. 
MOEMS combine the two disciplines of optics and electronics, yielding electronically addressable optical micro-
devices that allow modulating light temporally and/or spatially. MOEMS devices take advantage of high integration 
density, outstanding reliability, high bandwidth and, when produced in large numbers, low fabrication costs. 
In the following we describe our light curtain approach, which also serves as a demonstrator for possible 
applications of the scanning MOEMS devices. 
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 2. System Description and Results 
2.1. MOEMS Device 
The MOEMS core element which is used here, is a micromechanical scanning mirror developed and 
manufactured by the Fraunhofer Institute for Photonic Microsystems (IPMS)1,2. The micro scanning mirror is 
fabricated by bulk-micromachining in crystalline silicon and the process is based on CMOS-technology, taking 
advantage of the high level of development.  
 
(a)   (b)  
Fig. 1: (a) 1D micromechanical scanner mirror, (b) 2D micromechanical scanner mirror, deflecting a laser beam along a Lissajous figure.  
The micro-mirror is electrostatically driven and oscillates quasi harmonically (typical oscillation frequency 
300 Hz) reaching deflection angles up to ±30° at driving voltages below 24 V. This is a considerable advantage for 
system integration.  
Using a 1D device, the system generates a standard plane light curtain. When using a 2D device, a conic surface 
or in general a Lissajous projection can be realized, thus enabling a room-filling scan. In combination with a timed 
on/off-state of the laser, this allows to flexibly scan almost any perimeter form. 
2.2. Principle of operation  
Fig. 2 outlines the basic working principle. Fundamental elements are a 780 nm laser diode light source (1), a micro-
mechanical scanning mirror (2a, 2b) for one- or two dimensional deflection of the laser beam and a photosensitive 
detector (3). The collimated laser beam is deflected by the micro-mirror and scans one- or two dimensional figures 
in space. The light that is reflected from the surfaces in the scanned region is detected by a detector incorporated 
into the scanner box. Penetration of the scanned security perimeter by an object (4) is then regarded as an event by 
the system. 
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Fig. 2: (a) Basic layout of the MOEMS light barrier prototypes. 1D light barrier, using a micro mirror (2a) oscillating around a single axis. (b) 2D 
light barrier / volume scanner using a micro-mirror (2b) capable of oscillating around two orthogonal axes 
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 The detected signal consists in the back-scattered intensity averaged over several scans. Initially, a background 
scan is performed and the obtained value is stored for reference. Subsequently the engine scans the perimeter 
continuously and any deviation of the present signal from the reference triggers an event. We use lock-in detection 
for maximum sensitivity at low light levels, which is outlined in more detail below. 
2.3. System integration 
The detection optics use a cylindrical Fresnel lens to collect the back scattered radiation in the dimension 
perpendicular to the scanner direction. To gather additional intensity two mirrors are fixed at both sides of the 
detector. The light is focused on a photodetector. In the current prototype we use a silicon photodiode with a narrow 
band filter to eliminate day-light contributions.  
The driving signal of the micromechanical scanner mirror and the modulation signal of the light source are 
generated by a microcontroller. The resonance frequency, where maximal deflection angles are obtained varies 
slightly from mirror to mirror and has to be determined independently. 
The reference level is stored in the internal memory of the controller and is refreshed after potential new 
background scans. If the difference between measured data and the reference value exceeds a defined threshold, a 
signal (alarm) is generated. 
To improve detection accuracy and reliability at safely low laser energy levels, the system uses a lock-in 
detection of the signals in combination with a modulated laser source, and filters the detected light to the laser 
wavelength. In this way, also signal processing becomes more robust against different sources of interference, like 
sunlight etc. 
System control, i.e. operation of the micromechanical mirror, the sectoral/positional sensing of the scattering pat-
tern, and the output signal generation in case of a positive detection, is performed by the microcontroller. The 1D 
light barrier prototype shown in fig. 3 has a typical footprint of 7.5x5.5x2.5 cm3. 
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Fig. 3: Prototype realisation of a 1D MOEMS light barrier 
2.4. Results 
A maximal deflection of 50° to 54° was obtained, depending on the MOEMS component. The response time 
typically was set to 100 ms.  
Objects larger than 50mm within a distance of at least 2 m can be reliably detected over the whole scanning 
range. In order to demonstrate the sensitivity of our device and to characterize its angle dependence we placed a 
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 small object with reasonable contrast (white paper, 5x5 cm2) at a distance of 2 m from the light barrier device and 
measured the difference signal we obtain. The results are shown in fig. 4 for different positions of the object.  
 
Fig. 4: Sensitivity of the light barrier for different positions of a small object (see text for details)  
First we see that we get a clear signal over the whole scan region. This device was subsequently calibrated with a 
first threshold at 50 counts (triggering a yellow LED) and a second threshold at 100 counts (triggering a red LED 
and an acoustic signal). 
The maximum in the signal around zero deflection is a result from residual light reflected from the fixed frame of 
the MOEMS mirror. The rest of the sensitivity curve resembles a sinusoidal shape, which stems from the scan-speed 
dependence. The signal is inversely proportional to the scanning speed of the laser beam and the shape of the 
sensitivity curve directly reflects the sinusoidal movement of the MOEMS mirror. The two peaks at ca. ±15° result 
from details in the collection optics geometry, which include two mirros for maximum collection efficiency. Finally 
a small asymmetry of the curve can be observed. This effect is introduced due to the apparent aperture as seen from 
the source which changes asymmetrically with the deflection angle. 
3. Summary and Outlook 
In conclusion we have presented a light barrier prototype based on MOEMS technology and lock in detection. 
The device provides sufficient sensitivity for reliable detection of small objects in a perimeter of at least 2 m. The 
properties of the device are well understood and were discussed in detail.  
Future work will focus on further miniaturisation as well as on improving position tracking, in particular when 
using volume-scanning 2D scanners. Recent advances that now allow building micro-mirror devices with even 
higher scanning frequencies3 give these systems the potential also for 2D real-time tracking of fast objects.  
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